Purpose The purpose of this study was to conduct a cost effectiveness analysis of strategies designed to improve national cervical cancer screening rates, along with a distributional cost effectiveness analysis that considers regional disparities.
Introduction
A significant proportion of deaths in South Korea can be attributed to cancer, with cancer mortality rates being reported as 150.9 per 100,000 individuals in 2014 [1] . Cancer is known to impose large socioeconomic burdens on society because it incurs substantial direct healthcare costs, as well as indirect costs such as those associated with caregiving and lost productivity [2] . To address the burden of cancer, the South Korean government implemented the National Cancer Screening Program in 1999 to provide screening for the five most common sites of cancer; namely, stomach, liver, colorectal, breast, and the cervix uteri.
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The World Health Organization reported that a 93% reduction in the incidence of cervical cancer can be expected in response to introduction of screening programs [3] . Moreover, previous studies have shown that national cervical cancer screening is cost effective at reducing cervical cancer incidence and mortality in South Korea [4, 5] . Cho et al. [6] demonstrated that the national cervical cancer screening program was effective in terms of life years saved (LYS), with a threshold of $32,272 ($1=1,100 Korean won [KRW] ) per person, which was the gross domestic product (GDP) of South Korea in 2012 (incremental cost effectiveness ratio [ICER], 7,581,679 KRW/LYS). Similarly, another study cited the annual conduction of Papanicolaou smear cytology (Pap) to females aged 30 or above as the most cost effective strategy in quality adjusted life years (QALY) [7] .
Despite the potential benefits of national cervical cancer screening uptake, examination rates are reportedly lower in South Korea (approximately 66%) than in other countries including the United States (74%) and the United Kingdom (78%) [8] . Disparities were also found among individuals of various socioeconomic status, and particularly among those of different regional status [8] . Hence, such tendencies require the need for a cost effectiveness analysis that takes into account regional inequality and distribution of health effects, in addition to previous research that has aimed to maximize population health using restricted resources [9] .
Despite such importance, few South Korean studies have included cost effectiveness analysis of cervical cancer based on regional disparities in cancer screening. A previous study targeting Taiwanese participants concluded that individuals who received group education programs had higher screening rates than those who received introduction pamphlets through the mail [10] . Another study in the United States demonstrated that sending introduction pamphlets by mail can increase cervical cancer screening rates by about 12% [11] . Therefore, this study was conducted to evaluate cost effectiveness of methods with the aim of identifying strategies that can improve the South Korean national cervical cancer screening uptake rate. Further analysis was also performed considering regional disparities in screening rates using the distributional cost effectiveness analysis method, which specifically considers health inequalities under the cost effectiveness framework [12] .
Materials and Methods

Model structure: cost-effectiveness analysis
A Markov simulation model was developed using TreeAge Pro (TreeAge Software, Williamstown, MA). The model structure is illustrated in Fig. 1 . Individuals enter the model in a healthy, well state. With time, a proportion of the individuals are found to be susceptible to human papillomavirus (HPV) infection, which can progress to cervical intraepithelial neoplasia (CIN) and cancer.
The model incorporates disease regression, and individuals immediately diagnosed with CIN move to the well his- These individuals are assumed to be cancer free and considered to not receive further screening. A death state is present in each status, and all individuals are transferred to the death state 100 years after the start of the cohort. Because this study aimed to identify strategies that can improve screening uptake, four screening strategies were evaluated: (1) the current strategy, which is the presently followed national cancer screening program in South Korea. In this strategy, all females aged 20 or above receive the Pap smear test biennially, and individuals screened positive obtain further secondary examinations. ( 2) The strong screening recommendation to target regions strategy, which, in addition to the current strategy, sends strong screening recommendation posts to target populations residing in areas with higher than average mean mortality rates. (3) The regular universal screening recommendation strategy, which dispatches regular screening recommendation posts to all target populations. (4) The strong universal screening recommendation strategy, which mails strong screening recommendations to all target populations. The four strategies are presumed to result in a difference of screening uptake rates: (1) current: biennial Pap to females aged 20 or above (reference), (2) strong screening recommendation by mail to target regions, (effect, 12% increase in screening uptake; cost, 1,000 KRW per person), (3) regular universal screening recommendation by mail, (effect, 6% increase in screening uptake; cost, 500 KRW per person), and (4) strong universal screening recommendation by mail (effect, 12% increase in screening uptake; cost, 1,000 KRW per person).
A cohort of 1,000,000 women aged 20 or above without a history of cervical cancer was included in the simulation model because the national cervical cancer screening program in South Korea targets this group [13] . The model simulated each cohort member based on age-specific cervical cancer incidence and mortality rates. Analysis was conducted using the restricted societal perspective, which accounted for direct medical costs, indirect costs, and caregiving costs, but excluded human productivity costs. Table 2 . Age-and site-specific cervical cancer mortality rates Tae-Hoon Lee, Cervical Cancer Screening Distributional Cost-Effectiveness VOLUME 50 NUMBER 1 JANUARY 2018 215
Model parameters
Age-and region-specific screening uptake rates were obtained from the 2012 Korean Community Health Survey (KCHS) ( Table 1 ). The KCHS is a nationally representative survey conducted in 253 local districts of South Korea by the Korean Centers for Disease Control and Prevention with the goal of understanding disease prevalence and morbidity patterns. Age-and region-specific mortality rates were calculated by eliminating cancer mortality rates from the general mortality rate reported by Statistics Korea in 2012 (Table 1) .
Cervical cancer stages were based on the Surveillance, Epidemiology, and End Results (SEER). As SEER statistics on cervical cancer transition probabilities were unavailable, International Federation of Gynecology and Obstetrics (FIGO) stages were converted to SEER stages using statistics reported in the FIGO annual report [14, 15] . Table 2 presents the age-and stage-specific 5-year mortality rates of cervical cancer in South Korea. As SEER cancer stage based transition probabilities were not available in South Korea, this information was obtained by converting FIGO cancer stage based transition probabilities [15] .
HPV infection rates were attained using simulation results reported by Ko et al. [7] , who took into consideration rate of HPV infection and sexual experience ( Table 3 ). The CIN transition probabilities were obtained from the National Health Insurance data (Table 3 ) [16] . Parameters pertaining to the regression probabilities in the precancerous stages were obtained from previous cost effectiveness analysis of cervical cancer in Thailand as no local information was available for Korea (Table 3) [17, 18] . Cervical cancer transition probabilities were calculated by transforming FIGO stages to SEER stages, as described above (Table 3 ) [14] .
Costs
Direct and indirect costs were included in this study, as shown in Table 4 [19, 20] . Direct medical costs included those incurred from the Pap smear test and, with regard to individuals who screened positive, those associated with colposcopy, biopsy, and HPV DNA tests. The average usage rates of the three examinations were used because information regarding the rate of each examination was not available. Direct tests also included consultation costs and treatment costs for individuals diagnosed with precancerous states or cancer. Treatment costs were calculated based on a previous study conducted by Goldhaber-Fiebert because studies conducted in South Korea did not measure costs by disease stage [21] . Indirect costs included time, transportation, and caregiving costs. Discount rates were assumed to be 1%.
Utilities and screening effects
Age-specific health state utilities were attained using the EuroQol-5D results of the KCHS. Precancerous state patient utilities were adjusted using outcomes from patient surveys [16] and cancer state utilities were calculated based on previous studies [22, 23] . Sensitivity and specificity of the Pap smear test were determined from a meta-analysis of experimental studies in South Korea [7] . Individuals tested positive on the Pap smear test were assumed to fully participate in secondary tests and the sensitivity of secondary tests were set at 100%. HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.
Distributional cost effectiveness analysis
Distributional cost effectiveness analysis aims to adjust the total effectiveness outcome with an inequality index so that strategies with larger health disparity result in lower total effectiveness [24] . A method for distributional cost effectiveness has been introduced by the Centre for Health Economics in 2014, which can be expressed using the Atkinson Inequality Index in Eq. (1) [12] . The Atkinson Inequality Index is a function of inequality aversion, namely public aversion to health disparity, that is measured using public opinion regarding the ideal rate of exchange between the health of individuals with the best and worst health [24] . After calculating the Atkinson Inequality Index for every intervention deliberated in this study, the Atkinson ICER can be measured using Eq. (2), which adjusts the obtained ICER by the Atkinson Inequality Index [24] . The Atkinson ICER can assess which strategy considered in an analysis is the most cost-effective when inequality aversion increases in a society [24] . In this study, the Atkinson ICER was used to account for regional disparities in screening rates and to investigate health inequalities under the cost effectiveness framework. Mean refers to the average colposcopy, biopsy, and human papillomavirus DNA test costs. 
Results
The results of the cost effectiveness analysis of the four compared strategies are presented in Table 5 . The strong universal screening recommendation strategy had the highest QALY effectiveness per person, whereas the current strategy incurred the lowest amount of cost. With the threshold set at $25,990 (KRW 29,901,550), the 2016 GDP of South Korea, the strong universal screening recommendation strategy was the most effective strategy, with an effectiveness of 44.6734 QALY and an ICER value of KRW 11,506,849. In terms of efficiency, the strong screening recommendation to target regions was the most efficient, with an ICER value of KRW 7,361,145. Table 6 presents the cost effectiveness analysis results of the four strategies by the 16 provincial regions of South Korea. Under the "current" strategy, Seoul had the highest QALYs per capita, whereas Ulsan showed the lowest QALYs per capita. Similar tendencies were found under the strong universal screening recommendation strategy. In the strong screening recommendation to target regions strategy, Busan had the highest QALYs per capita and Ulsan the lowest QALYs per capita. Fig. 2 presents the results of the distributional cost effectiveness analysis, showing the Atkinson ICER of the four strategies examined. When an identical threshold was utilized, the Atkinson ICER of all four strategies remained under the threshold value as inequality aversion increased. The cost effectiveness of the four strategies also increased as inequality aversion increased, in particular that of the strong screening recommendation to target regions strategy.
Discussion
Studies have demonstrated that the national cervical cancer screening program in South Korea is cost effective [4] [5] [6] [7] . However, screening uptake rates remain low compared to other more economically developed countries and show regional disparities, requiring implementation of effective strategies for improvement. To the best of our knowledge, this is the first study to investigate the required strategies through a cost effectiveness analysis in South Korea. Previous studies have examined investments in educational professionals, local community group education, mailing of pamphlets, and consultation volunteers as approaches to enhance screening rates and found mailings of pamphlets and consultation volunteers to be effective [10, 11, 25] . Considering the requisite resources of the four approaches investigated, mailing of pamphlets was selected as a realistic and applicable scheme. Hence, this study investigated the cost effectiveness of four strategies, current, strong screening recommendation to target regions, regular universal screening recommendation, and strong universal screening recommendation. The results indicated that the ICER values of all four strategies were under the threshold value of $25,990 (KRW 29,901,550), and that the strong screening recommendation to target regions had the highest efficiency, whereas the strong universal screening recommendation had the highest effectiveness. Therefore, all four strategies investigated rated within the ICER threshold value and may be utilized by policy makers focusing on effectiveness or efficiency.
Another aspect to contemplate by policy makers is the conceivable effect of each strategy on regional disparity because South Korea shows discrepancies between regions in national cervical cancer screening rates. This was reflected using the Atkinson ICER, which indicated the strong screening recommendation to target regions strategy was the most efficient. The ICER value of this strategy decreased the most; thus, its cost effectiveness can be seen to have improved com- pared to other strategies. This results as the change in the denominator of the Atkinson ICER (%E) decreases for strategies more unequal to the 'current' strategy and increases for strategies less unequal to the "current" strategy. The tendencies presented in the study findings are similar to those of a previous study that investigated the distributional cost effectiveness of the national colorectal cancer screening program [24] . This study also found the strong screening recommendation to target regions strategy to be most efficient [24] . However, the ICER value decreased in a comparatively steep manner as inequality aversion increased, revealing that health disparities are likely to decline in a comparatively larger amount if the strong screening recommendation to target regions strategy is implemented. The findings of this study revealed that addressing health inequality aversion can be important in the process of framing health policies. This study offers new insights by investigating the distributional cost effectiveness of the national cervical cancer screening program in South Korea. It is also unique in that it examined different strategies applicable with the goal of improving national cervical cancer screening rates because screening rates in South Korea have been reported to be relatively low, despite its proven cost effectiveness. However, this study also had its limitations. Specifically, age-and region-specific national cervical cancer screening rates were obtained from the KCHS because no other data were available. The KCHS does not distinguish between public and private cervical cancer screening, and screening rates may have been overestimated, which also infers a possible overestimation of the cost measures used in this study. Second, HPV infection, precancerous, and cancer transition probabilities data were not based on South Korean data because they were unavailable. Hence, cost and effectiveness may have again been overestimated as sexual lifestyles tend to be more conservative in South Korea than in other Western countries [16] . Third, although it can be assumed that disease transition probabilities will differ between regions, our study was unable to account for such characteristics because of a lack of data. These assumptions may have led to underestimation of the inequality measured. This limitation has also been mentioned in previous studies and necessitates the measurement of inequality variables. Finally, because this study is the first distributional cost effectiveness study of the national cervical cancer screening program in South Korea, no other results were available to compare with the findings presented.
In conclusion, analysis of the cost effectiveness of the national cervical cancer screening program in South Korea revealed the strong screening recommendation to target regions strategy to be the most cost effective approach. Similar tendencies were found when societal inequality aversion increased under the distributional cost effectiveness analysis, which accounted for regional disparities in screening uptake rates. As efficiency and equity are the two main objectives concurrently sought in healthcare, the findings of this study imply the need to develop appropriate economic evaluation methodologies to assess healthcare policies.
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